1. Introduction {#sec1-1}
===============

Child undernutrition has severe implications for child survival, health, and skills development throughout the course of life. It has been estimated that almost half of all deaths of children under five years of age are due to undernutrition.[@ref1] The loss of human capital resulting from undernutrition in childhood, reflected in poorer health, cognitive and socioemotional development, and schooling outcomes leads to lower economic productivity and economic status in adulthood, and is estimated to reduce a nation's economic advancement by at least eight percent.[@ref2]

1.1 Background of the Study {#sec2-1}
---------------------------

Undernutrition in the aggregate was the cause of 3.1 million child deaths annually or 45% of all child deaths in 2011.[@ref1] Between 1990 and 2016, a tangible decrease globally in child stunting prevalence, from 39.6% to 22.9%, was observed. For 2016, it was estimated that 52 million under-five children were globally wasted, of which 17 million were severely wasted.[@ref3] Although the decrease in wasting was not precisely determined due to limited data sources and the difficulty to establish a reliable trend over time due to its rapid and frequent change,[@ref4],[@ref5] the rate of wasting steadily increased in 51 out of 126 countries between 2012 and 2014.[@ref6] Severely wasted children with a weight-for-height below minus 3 standard deviations (SDs) based on World Health Organization (WHO) standards, i.e., experiencing severe acute malnutrition (SAM), have a higher risk of death (\>nine-fold) compared to children with a weight-for-height above minus 1 SD.[@ref7]

WHO guideline for inpatient treatment of severely malnourished children indicates that the mortality rate should not exceed 10% if treatment is followed correctly.[@ref8] Studies of sub-Saharan Africa countries reported varying levels of inpatient mortality rates by SAM, from less than 10% to more than 40%, despite health centers compliance with WHO guidelines.[@ref9] In Madagascar, according to data from the Ministry of Health, there was a progressive decrease in the proportion of malnourished children through successive years, from 13% in 2009 to 9% in 2013.[@ref10] Despite this progress and the existence of well-defined policies and programs to combat malnutrition, the latest data published in 2014 showed that undernutrition is still a major problem in Madagascar.[@ref11] Amongst 1,704,684 children seen in primary health care for their nutritional status, 134,623 (7.9%) were moderately malnourished and another 29,139 (1.7%) were severely malnourished. The mortality rate of severe acute undernutrition remains high at tertiary hospitals in Madagascar.[@ref10]

1.2 Objectives of the Study {#sec2-2}
---------------------------

This study explores the underlying individual and household risk factors for SAM among hospitalized children with SAM in the Analamanga region of Madagascar. The information from this study may be important in preventing increase in the prevalence of malnutrition among under-five children that could potentially lead to hospitalizations.

2. Methods {#sec1-2}
==========

A qualitative study was performed in the pediatric unit of the Hôpital Mère-Enfant Ambohimiandra, Centre Hospitalier Universitaire Antananarivo, Madagascar, between November 2013 and January 2015. The hospital is the only "Mother and Child Hospital" among the seven University hospitals in the city of Antananarivo. Patients at the hospital are mainly from the city itself and from different towns and rural areas of the six districts forming the Analamanga region. The hospital receives around 1,000 child inpatients annually at the pediatric unit, and approximately 10% of those children suffer from SAM. The non-SAM mortality rate in the unit is around 7%. Meanwhile, the SAM mortality rate is four-fold greater than the non-SAM mortality rate, according to our inpatient records.

2.1 Study Participants {#sec2-3}
----------------------

The study subjects were under-five children admitted to the pediatric unit in the hospital with SAM and their mothers. In this study, we use the word "mother" to designate biological or non-biological mothers living in the Analamanga region, including Antananarivo City, Antananarivo Avaradrano, Antananarivo Atsimondrano, Ambohidratrimo, Andramasina, and Manjakandrina. SAM diagnosis was based on WHO criteria;[@ref12] potential study participants included children who survived more than 24 hours after admission and their mothers. Due to ethical considerations, children that survived for more than 24 hours after admission but remained in critical condition were excluded from the study.

2.2 Data Collection and preparation {#sec2-4}
-----------------------------------

Face-to-face in-depth interviews with the mothers were performed by the principal investigator following the interview guide based on the United Nations International Children's Emergency Fund (UNICEF) framework of malnutrition.[@ref13] Although some weaknesses of the UNICEF had been reported such as difficulties to establish clear connections between inputs, outputs, outcomes and impact,[@ref13] we decided to employ the framework since it seemed to enable us at least identify issues we should focus on in the study area. Interviews were conducted with the mothers alone except in one case when the father asked permission to assist his wife for the interview. The study was explained to potential participants and their consent to participate in the study was obtained. Interviews were conducted mostly between the second and fifth day of hospitalization, when the child was stabilized. Fourteen interviews were performed. Each interview took approximately 30 to 60 minutes, and the child's birth weight, growth, and immunization records were checked from their child health handbook. The investigators agreed to "data saturation"[@ref14] of the sample size for the current study and performed data analysis. All interviews conducted in local language by the first author (DRH) were audiotaped and transcribed then translated to English. ([Figure 1](#F1){ref-type="fig"}.)
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2.3 Data Analysis {#sec2-5}
-----------------

Data analysis took place according to the thematic analysis method.[@ref15],[@ref16] DRH and KM participated equally in the data analysis. Each analysis by one investigator was cross-checked by the other and vice-versa. Any disagreement between authors in each step of the analysis was discussed until consensus was reached. First, contextual text segmentations were obtained from the translated transcriptions. The text segments were open-coded initially, and the codes were grouped into similar concepts. Subsequently, concepts were thematically coded and grouped into categories. We decided to use the UNICEF framework of malnutrition again for the theoretical framework of the current study since connections between variables following the framework were emerging at the cording stage. The procedure was performed manually. The research proposal was approved on October 28, 2014 by the Ethical Committee of Hôpital Mère Enfant Ambohimiandra.

3. Results {#sec1-3}
==========

3.1 Sociodemographic characteristics of the mother-participants {#sec2-6}
---------------------------------------------------------------

[Table 1](#T1){ref-type="table"} shows the sociodemographic characteristics of the mothers. All were mothers (mean age, 27 ± 7.2 years), with the majority being 20--29 years old (57.1%). While younger mothers aged less than 30 years had just one or two children, older mothers tended to have more children. Most of the mothers were self-employed; their primary occupations included food and commodity sales, housekeeping (e.g., washing clothes), and cooking. ([Table 1](#T1){ref-type="table"}.)

###### 

Sociodemographic characteristics of the subjects (mothers)

  Variables                                            n = 14   (%)
  ---------------------------------------------------- -------- ---------
  Mother                                               14       (100.0)
  Age group                                                     
   \<20 years                                          1        (7.1)
   20--29                                              8        (57.1)
   30--39                                              4        (28.6)
   40--49                                              1        (7.1)
  Marital status                                                
   Married                                             11       (78.6)
   Unmarried                                           1        (7.1)
   Divorced                                            1        (7.1)
   Widow                                               1        (7.1)
  Number of children                                            
   1--2                                                9        (64.3)
   3--4                                                2        (14.3)
   \>4                                                 3        (21.4)
  Occupation                                                    
   No occupation[\*](#t1f1){ref-type="table-fn"}       2        (14.3)
   Agriculture                                         2        (14.3)
   Employedgovernment[†](#t1f2){ref-type="table-fn"}   2        (14.3)
   Selfemployed[‡](#t1f2){ref-type="table-fn"}         7        (50.0)
   Student                                             1        (7.1)

Housewife;

Primary school teacher;

Food and commodity sales, clothes washing, cooking, and others

3.2 Nutritional status of the child-participants {#sec2-7}
------------------------------------------------

Table 2 presents basic information and the nutritional status of the children (age, 7--16 months; mean age, 11 ± 2.6 months). There were two children whose height for age Z-score fell into the range of −2; the rest were categorized as −3. As for the weight Z-score for age and body mass index (BMI) Z-score, all children fell into the range of −3. ([Table 2](#T2){ref-type="table"}.)

###### 

Nutritional status of the subjects (children)

  Variables             n = 14   (%)
  --------------------- -------- ---------
  Age                            
   7--10 months         6        (42.9)
   11--16 months        8        (57.1)
  Sex                            
   Male                 9        (64.3)
   Female               5        (35.7)
  Weight at birth (g)            
   \<2500 g             2        (14.3)
   \>2500 g             10       (71.4)
   unknown              2        (14.3)
  Ht Z score for age    n = 14   
   −2                   2        (14.3)
   −3                   12       (85.7)
  Wt Z score for age    n = 14   (%)
   −3                   14       (100.0)
  BMI Z score for age   n = 14   (%)
   −3                   14       (100.0)

3.3 Potential Immediate causes of child undernutrition {#sec2-8}
------------------------------------------------------

### 3.3.1 Inadequate dietary intake {#sec3-1}

Based on thematic analysis of mothers' remarks related to dietary intake, we identified four major themes: 1) Inadequate period of exclusive breastfeeding, 2) Inadequate frequency and amount of breastmilk due to insufficient breastmilk production or difficult working conditions militating against breastfeeding, 3) Inadequate nutrient intake after weaning, and 4) Inadequate amount of breastmilk and food due to decreased appetite of children before hospitalization.

There was only one child who was exclusively breastfed until the age of 6 months. On the other hand, all children were in the recommended period to be fed with breastmilk. Regarding frequency and amount of breastmilk, about half of the mothers were not able to produce sufficient breastmilk or had difficult working conditions to provide breastmilk frequently. Alternatives for breastmilk were mostly commercially available plain cow milk or condensed milk. One mother mentioned the use of sugar water as an alternative. The mother's description of the food they gave to their children showed some degree of diversification; however, protein-rich foods were not sufficient for most of the children. Only one mother was providing her children with various protein-rich foods in each meal. The children were generally fed three times a day with breastmilk or alternatives. Although the frequency of the meals was appropriate, about half of the mothers reported a small appetite in their children. Prior to hospital admission, many mothers noticed a decreased appetite in their children.

### 3.3.2 Diseases {#sec3-2}

Diseases are often important direct causes of malnutrition. In the current study, we identified 1) Symptoms of infectious diseases such as fever and cough and 2) Simultaneous symptoms of diarrhea and vomiting with primary diseases, as diseases-related themes.

The majority of children had fever and respiratory warning signs, such as cough and coryza few days before hospital admission. Most of mothers mentioned that their children had diarrhea and/or vomiting before hospitalization.

3.4 Underlying causes of child undernutrition {#sec2-9}
---------------------------------------------

### 3.4.1 Inadequate access to food {#sec3-3}

Economic status determines the ability to obtain food. We identified a theme under this category: financial issues limit access to food. Some mothers declared that they were having serious financial issues. One mother said that she withdrew the oldest (eight years old) of her children from school and sent him to work to help the family. Some of her other children simply stopped attending school due to cost limitations. The same mother affirmed that she should have also postponed seeking care due to a lack of money. Four mothers amongst those interviewed were single mothers. Although fathers were present in the households, the majority were in unstable employments or regular work with low salaries. Most mothers said that their earnings were not sufficient to purchase food. One mother said that "there is at least some rice to eat."

### 3.4.2 Inadequate care for children and mothers {#sec3-4}

Care-seeking behavior touches on either control or aggravation of health problems. The major theme that could be peculiar in the study area we identified was: delayed consultation with doctors due to some reasons (such as financial difficulty, optimistic perception of malnutrition and traditional beliefs) aggravates children's health conditions. The majority of mothers delayed going to hospital and consequently, the health conditions of their children became worse. Many mothers tried first to treat fever and cough at home with medications available from pharmacies in town. Some mothers were busy with work and did not seek medical attention in a timely fashion after recognizing the child's illness. One said her family was reluctant to take the child to the hospital due to financial difficulties. Many mothers believed that being underweight was not a serious health problem, and some believed that their children were healthy despite being underweight. Some mothers also believed that teething caused diarrhea and illness, which resulted in delayed medical treatment. Most mothers did not believe that their child's illness was associated with witchcraft; however, two mothers consulted with traditional healers before seeing a doctor.

### 3.4.3 Inadequate health services and an unhealthy environment {#sec3-5}

The theme related to health services and environmental issues we identified was: services exist but less usage of the services due to some reasons such as neglect, unfavorable working condition of mothers, and limited information on available community services. Half of mothers indicated that their children had received immunizations and were weighed on a regular basis. Some missed immunizations due to apparent neglect or the mother's working condition. Growth monitoring is commonly performed at the health center, but many mothers tended not to actively pay attention to growth patterns. Most mothers mentioned that there was no help from the community, and many of them had never received support from health volunteers. At the same time, most of them mentioned that they did not know about the existence of services available in the communities.

3.5 Inadequate education {#sec2-10}
------------------------

We identified the following two themes under this category: 1) Lack of knowledge and improper perception regarding food and nutrition and malnutrition management, and 2) Lack of knowledge of health structures and services devoted to malnutrition management at the community level. The majority of mothers discussed their experiences related to the importance of breastfeeding. Importance of colostrum, and duration of exclusive breastfeeding were well-known amongst the mothers. However, knowledge of food and nutrition was limited. Some mothers mentioned that they did not know what types of food were suitable for children. The mothers tended not to be concerned about the nutritional quality of food and many of them did not worry about malnutrition since they believed that malnutrition is not a sickness. Although the mothers had no clear concept of the relationship between malnutrition and diarrhea, they considered diarrhea as a health problem that should be treated. One of the mothers who had completed secondary school said that she had learnt health and nutrition at school. Most mothers dropped out of school after a few years in primary school or continued further but did not complete secondary school. Although the mothers had some knowledge of specific topics, low health literacy associated with general nutrition was observed from the interviews. Many mothers did not understand the health structure and services devoted to malnutrition management at the hospital and at the community level. One mother said that she did not understand how health services worked and relied on her own observations to monitor her child's health.

4. Discussion {#sec1-4}
=============

We summarized the findings of the current study into the UNICEF framework of child malnutrition ([Figure 1](#F1){ref-type="fig"}). Statements in each category of the framework are qualitative themes that we identified from remarks of the study subjects. Prior to leading conclusion, we will try to identify possible connections between the themes for better understanding of the entire situation of child malnutrition in the study area.

The hospitalized children with SAM in the current study showed several symptoms of infectious diseases such as fever and cough. Diarrhea and vomiting were also often observed simultaneously. Fever and cough consume extra energy of children and diarrhea and vomiting disturb energy and nutrient intake. Those symptoms cause weight loss easily and also affect appetite of the children. In this study, even before hospital admission, many mothers noticed decreased appetite in their children. It probably may have caused small intake of breastmilk and food in the children. However, most mothers took time to decide about going to the hospital, while children's health conditions consequently worsened. When those children arrived at the hospital, the illness had been aggravated with severe weight loss. With mild symptoms of diarrhea, mothers tended to "wait and watch." The optimistic perception of malnutrition was common amongst all the mothers. It often delayed hospital visits. Some mothers believed that teething caused diarrhea and illness, which also delayed seeking medical treatment for their children.

Inadequate dietary intake was not only led by decreased appetite due to illness but also by some reasons attributed to their mothers and families. We observed inadequate dietary intake on a daily basis formed precondition of SAM. A study in Bangladesh reported that SAM and severe chronic malnutrition (SCM) co-exist.[@ref17] In the current study, severe or even moderate chronic malnutrition due to inadequate dietary intake was associated with SAM. The majority of children were not receiving sufficient breastmilk. Previous studies indicated a significant relationship between knowledge and breastfeeding practice.[@ref18]-[@ref20] The importance of breastfeeding was well-known amongst the subjects and they continued breastfeeding. However, the issue of breastfeeding in our study was not merely its continuation but in addition the frequency and amount of breastmilk. A recent study reported that a mother's working condition is a significant factor in breastfeeding practice.[@ref21] Some of our subjects also mentioned about difficult working conditions to continue frequent breastfeeding. The latest political turmoil of 2009 deteriorated significantly the national economy with impacts in each household making 92% of the population to live under the poverty line.[@ref22],[@ref23] Such widespread poverty made many mothers to keep working in order to increase their household income just for their family survival. Measures to increase frequency of breastfeeding for working mothers should be considered in response to child malnutrition. On the other hand, providing proper knowledge on good practices around breastfeeding and weaning would help to reduce child malnutrition in the study area.

Regarding underlying causes of malnutrition, we focus on modifiable findings. We recognized the finding under inadequate care. Delayed consultation with doctors due to some reasons such as optimistic perception of malnutrition and traditional beliefs was certainly connected to findings under inadequate dietary intake and diseases. Findings from inadequate education such as lack of knowledge and improper perception of malnutrition management and also health structures and services were the bases of other findings as underlying causes.

Many mothers discussed the lack of support from their community. However, consultation services for health and nutrition were available at the community level in Madagascar. Some service providers said that young mothers were not proactive in accessing such services. Most young mothers in the study were focused on making money for their living, and had little time to partake in community activities. Public supports exist in communities but the supports were not fully utilized especially by working mothers. Published mortality rates in Asia tend to be lower compared to those of Sub-Saharan Africa, suggesting healthcare organizations in Asia may play a role in addressing child mortality.[@ref24] Although the organizational structure of healthcare services may not be mature enough in many Sub-Saharan African countries, minimal services are available. If the service utilization by working mothers is increased in the study area, the situation of child malnutrition could be improved. Nevertheless, financial difficulty at the household level often occupies the mothers' time and limits involvement in community activities. As well as the issue of breastfeeding mentioned earlier, "working mothers" is a keyword here. In order to increase health service utilization, efforts to mobilize working mothers in community activities should be considered.

Potential pathways to SAM in this study were similar to previous studies ever reported, although combinations of underlying factors to SAM depended on study areas. Delayed consultation with doctors seemed the most critical factor of aggravating malnutrition status. Our findings suggest that health literacy such as malnutrition-related knowledge and perception and also information on available health services should be enhanced. It is important to consider working mothers' situation both in the process of health literacy enhancement and practices based on enhancing health literacy. Further studies are needed to explore effective and acceptable approaches for child malnutrition management for working mothers in this study area. Preventing aggravation of SAM at hospitals should begin before hospital admission.

5. Conclusions and Global Health Implications {#sec1-5}
=============================================

We observed that low health literacy of the mothers in the study areas resulted in delay in hospital visit for their child's treatment for malnutrition while malnutrition worsened. Preventing SAM at hospitals should begin before hospital admission by addressing low health literacy among mothers. Although health-related information were available at community level, mothers with financial difficulty tended not to access such information and their health service utilization was low. Our findings indicate the importance of considering working mothers' access to existing health services with enhancement of health literacy to prevent SAM at community level. Study findings may be of benefit to not only communities in the study area but also in other areas in Madagascar and potentially in other resource- limited settings across the worldwide.

###### Key Messages

Severe Acute Malnutrition (SAM) among under-five children in Madagascar is the product of multiple individual and household risk factors that put the lives of children at risk.Addressing the many barriers to seeking help, increasing awareness of exiting community resources, and services amenable to schedules that allow working mothers opportunity to seek out these services could potentially assist in addressing the mortality due to SAM among children in Madagascar.Improving health literacy among mothers may contribute in addressing the risk factors for SAM at the community level.
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